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SECTrION 1.0 GEERL

1.1 Purpose of the User's Manual. This user's manual for the wind statistics program (WEWST)
provides the information necessary to effectively use the program.

1 .2 Project References.

1.2.1 Project Request. The Space and Missile Test and Evaluation Center (SAMTEC) sent a project
request to the LAF Environmental Technical Applications Center (USAfTAC) on 10 March 1978
describing the work required in accordance with ANSR 105-18. The USAFETRC project number assigned
for the development of this program was 1893, task 01.

1.2.2 Documentation Concerning Related Projects. NASA 7M X-73319, "Vector Wind and Vector Wind
Shear Models," by 0. E. Smith, contains a description of the equations used in the program and
outlines the theory involved.

1.2.3 Documentation Standards and Specifications. The documentation complies with DOD Standard
7935.1-S, Automated Data Systems Documentation Standards, dated 13 September 1977.

1.2.4 Programming Conventions. American National Standards Institute (ANSI) FORTRAN programming
conventIons have been adhered to, except in the following cases:

a. Literals within FORMAT statements are written inside apostrophes instead of using the *H"
(Hollerith) format code.

b. The integer variable OITER", which is always set to -1, is the FORTRAN logical unit for all
input and output. This feature allows proper transfer of data across the ARPA network.

c. Free field formats, such as "21" for two integers and "IF" for one real nimber, are

occasionally used to give the user more flexibility when typing an input line.

1.3 Terms and Abbreviations

ARPA: Advanced Research Projects Agency

BB&N: Bolt, Beranek & Newman, Inc.

Bivariate Normal: A commonly used statistical distribution which is specified by the means,
standard deviations, and correlation coefficient of two normally distributed variables.

DEC: Digital Equipment Corporation.

Meridional Component: The north/south component of the wind.

Percentile Wind Speed: A wind speed which is greater than or equal to the Actual wind speed for a
given percentage of observations. For example, if a 95th percentile wind speed is 50 knots, one
would expect 95 percent of the observed wind speeds to be less than or equal to 50 knots.

Scalar Wind Speed: The 3bserved wind speed, i.e., how fast the air is actually moving.

Wind Speed Units: Any type of wind speed can be used with this program. However, the units used
for the wind speed and the velocity must be consistent throughout the program; for example, if the
standard deviations are in meters per second (MPS), then the u and v components must be in MPS) and
a request for a wind speed range will also use MPS.

Zonal Component: The east/west component of the wind.

1.4 Security and Privacy. This manual and the program that it describes are unclassified and can
be released to the public. No privacy restrictions are associated with the use of this program.



SECTION 2.0 SYST SUMMARY

2.1 System Aplication, The wind statistics program provides the user with information relating tothe probabilities of various ranges of wind directions and wind speeds, using an assumed bivariate
normal distribution of the zonal and meridional components of the wind. It allows the user to
obtain probabilities of extreme event ranges (for example, extremely high or low wind speeds) which
cannot be computed easily and accurately by direct access to meteorological data. This program can
also reccapute a set of basic wind statistics using a rotated set of coordinates, such as cartesian
coordinates with one axis oriented along the azimuth of a flight path.

2.2 ystem g2oration. Users (who are typically USAFETAC analysts) must first obtain a set of five
basic wind statistics (means and standard deviations of the zonal and meridional components and
their correlation coefficient) for the station(s) of interest before accessing the program. The
"Uniform Sumary of Winds Aloft Observations" data summaries, produced by USAFETAC, contain these
basic statistics for several hundred upper-air observation stations, calculated by month of the year
and season for various altitudes. These statistics are then input to the program, after which the
appropriate choice of option(s) causes the program to print the desired information. The output may
also be generated in a form suitable for transfer across the ARPA network or on tape. The overall
functional diagram is shown schematically in Figure 1.

PROCESSING B
WIND STATISTICS

SPROCESSING PROGRAM

Figure 1. Overall Functional Diagram.

2.3 Program Confiuration. The wind statistics program was designed for a DEC-10 computer. It
presently operates on Bolt, Beranek and Newman's system "B" (BBM) on the ARPA network. Changing
the nonstandard item listed in Section 1.2.4 of this manual to ANSI Standard FORTRAN will
effectively make this program compatible with other FORTRAN compilers.

The configuration necessary for a computer to use this program typically requires a FORTAN
compiler, linking loader, and interactive real-time input/output capability.

2.4 Program Organization. The program consists of a main program, seven subroutines, and eight
functions. The main program solicits and controls all input data, and checks this data for obvious
errors. Most of the output to the user's terminal or CRT is also controlled by the main program.
The numerical calculations are performed by the various functions and subroutines; the number and
name of subprograms involved depends on the type of output requested by the user. Sane of the
subroutines and functions are accessed indirectly by other subprograms. The calling structure of
the main program and subprograms is illustrated in Figure 2. The purpose of each subprogram is
outlined in Table 1.
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TABLE 1. PURP SE OF THE SUBPOGA

Subprogram Purose

Subroutine ELIPSE Calculates and prints sets of points located on an elliptical probability
contour.

Subroutine PRSRD Computes the probability of the wind being within specified range of speeds
and a specified range of directions.

Subroutine ROTATE Calculates a new set of basic wind statistics based on a rotation of the
X-Y axes through a given angle.

Subroutine RSPGDR Gives the (conditional) probability of a specified range of wind speeds
when the wind direction is known.

Subroutine SLE)R Computes the (conditional) probability that the wind speed is less than or
equal to a specified value at a single wind direction.

Subroutine SPCNT Calculates percentile wind speeds by initially estimating an answer and
then using the method of half intervals to get a final result.

Subroutine WROSE Calculates and prints a table of probabilities of various ranges of wind
directions and speeds.

Functions A, B, C, D These functions correspond to the terms 'A, "B', "C", and "D' in Equation
(32), (33), and (36) of NASA TM X-73319. Each of these terms is coded as a
separate function to insure compatability with this document.

Function PDIR Gives the probability density function for a specific wind direction.

Function gNORM Computes the probability density for the normal distribution at a specified
point.

Function PRDIR Computes the probability of a specified range of wind directions.

Function TRANS Modifies the input wind direction(s) so that all wind velocity vectors
point away from the origin.

2.5 Performance

2.5.1 Overall Performance Capabilities. The wind statistics program can give the user the
probability of a wide variety of wind speed and/or direction ranges. These ranges are subject to
certain limitations imposed by the internal accuracy of the program, input/output formats, and the
numerical approximations used in calculating certain types of probabilities. These limitations are
discussed in greater detail in Section 2.5.3. All users of this program should also remember that
the program uses an assumed bivariate normal distribution of the zonal and meridional wind
components to calculate its results. The accuracy of the data output by this program depends to a
large extent on how well the statistics of the actual wind Ofit" the bivariate normal distribution.
The accuracy of this distribution's fit varies with altitude and location; this variation, and soe
methods of determining how accurate this distribution is, will be dealt with in detail in a future
USAFETAC technical note.

2.5.2 ResponseTime. The response time of this program depends on the processing time required by
the option(s) being used and also on the number of users concurrently running other programs on
BBN's system-B. If the usage of BN's system-B is unusually heavy, all the printout produced by the
program will be slowed and delays up to several minutes in length may occur. Waiting times are
generally proportional to the CPU time required by an individual program option. The response time
of any given option will be several times longer during periods of heavy BOM usage. The time lag
between user input and program output may approach 5 minutes for some options during periods of
extremely heavy machine use. The CPU times required by the different options are discussed in
Section 2.5.5.

2.5.3 Input/Output Limitations. The input and output limitations existing in the wind statistics
program fall into two categories: limitations due to formats, and truncation errors inherent in the
calculations producing the output. The limitations which apply to specific options are listed
below.

4



a. The permissible range of output data points in option #1 (points on an elliptical
probability contour) is -99.99 to 999.99 wind speed units. Data values with absolute values less
than 0.001 are shown as zero. Identical restrictions apply to the extreme values of x and y printed
by this option.

b. All probabilities output by options 2, 3, 4, and 5 are limited to the range 0<x<l where x is
the output probability value. The probabilities whose absolute value is less than 0.0001 are shown
as zero.

c. The wind speeds used as input to options 3, 4, and 5 should be within the range of 0 to 500
wind speed units. Values outside this range may cause unpredictable error conditions and abort the
program.

d. The basic wind statistics output by option #6 (involving rotation of coordinates) have
several limitations. The mean wind components printed must be smaller than 105 units and larger
than 10-4 units; wind component values with an absolute value of less than 0.01 units are printed as
zero. The correlation coefficient printed appears as zero if its absolute value is less than 0.001.

e. Wind speeds output by option #8 must be smaller than 105. Speeds smaller than 0.001 are
printed as zero.

f. Probabilities output by option #9 are affected by the restriction given in a. above with one
exception: the number output for the total probability may be slightly larger than 1. This number
will almost always be between 0.999 and 1.001.

Several general limitations exist in the program. These limitations apply in addition to the
limitations given for specific options. The probability of a range of directions is calculated
internally in the program to a precision of 10-5, while the probability of a range of speeds or a
range of speeds and directions is calculated to a precision of 10-4.

2.5.4 Error Detection Capabilities. The wind statistics program is capable of detecting several
types of input errors. The program checks all input speeds for negative values; values less than
zero produce the message

"ONE OR MORE OF THE INPUT SPEEDS ARE NEGATIVE"

after which the user is asked to input the speeds again. Similar consequences result when a user
tries to input a negative standard deviation or a correlation coefficient which is outside its legal
range (-I to +1). An input percentile value for option #8 which is negative, zero, or larger than
or equal to 100 will also produce a warning message and a request to input the data again. The
program will reply to an illegal option number (less than 0 or greater than 9 by asking the user if
the program should be stopped. A "yes" reply stops the program; a reply of "no" allows the user to
input a new option number.

2.5.5 Processing Times. The CPU time used by this program depends primarily on the output options
used by the analyst. The total CPU time for a given run can be calculated aproximately by adding .

the time required to print error messages, the time required to start and stop the program, and the
time required for each option used. All CPU times given are valid for a DEC-10 computer.

The CPU time required to start the program, input a set of basic statistics, and stop it is about
0.5 sec. This represents unavoidable "overhead" time. An additional 0.9 sec is required to print
the optional informative summary of the various available output options. Each error message also
requires about 0.2 seconds to print.

Typical CPU times for the various options are as follows:

a. Option #1 (points on an elliptical probability contour) has CPU requirements which depend on
the number of points generated. Ten sets of points require about 0.8 seconds, 50 sets require about
2.3 seconds, and 100 sets require about 4.5 seconds.

b. Option #2 (the probability of a range of wind directions) requires about 0.6 seconds of CPU
time.

c. Option #3 (the probability of range wind speeds) requires anywhere from 2 to 15 seconds of
CPU time. Small ranges of speeds are processed relatively rapidly.

5



d. Option #4 (the probability of a range of wind speeds and directions) uses from 4 to 15
seconds of CPU time, depending on the size of the range involved.

e. Option #5 (the probability of a range of wind speeds given a wind direction) uses about 0.5
seconds of CPU time.

f. Option #6 (rotation of the coordinate system) uses approximately 0.2 seconds of CPU time.

g. Option #7 (input of new basic parameters) requires 0.2 seconds of CPU time.

h. Option #8 (percentile windspeeds) uses larger amounts of CPU time. Typical CPU times for
this option rane from 12 to 25 seconds.

i. Option #9 (probability tables for wind direction and speed ranges) is the most time
consuming option in this program. Typical CPU times for this option range from four to six minutes.

2.5.6 Flexibility. The program is designed to allow additional output options to be included at a
later date. For example, some possible additional options include synthetic vector wind profiles,
vector wind shear probabilities and the modulus of the vector wind shear. These additional options
would use scume of the subprogram already coded in the programs and "build" on their "foundation.'
Each output option is presently controlled by one segment of the main program; additional options
would require additional segments of code in the main program and one or more additional
subroutines.

2.6 Data Base. None required for this program.

2.7 General Description of Inputs, Processing, and Outputs

2.7.1 Inputs. All input to the program is typed on a terminal or CRT. The user must have the five
basic wind statistics (mean zonal and eridional wind components, their standard deviations, and
correlation coefficient) available for input to the program before running it. The users, typically
USAFETAC analysts, should also determine in advance which option(s) are appropriate for their work.
For example, option #3 would be appropriate to answer the question, "what is the probability of a
wind speed greater than 20 knots?" A list of output options, option numbers, and descriptions of
the resulting output are given in Section 3.2. The user should then get the reference information
required for these option(s); for example, the number of sets of points to be given by option #1 or
the wind direction range for option #2. Details on the type and nature of reference information
required for each option are given in Sections 3.2.1 and 3.2.3.

2.7.2 Processing. The user begins by typing a set of five basic wind statistics. The program will
then ask the user for an option number. After the user types the appropriate digit, the program
asks for reference information. The calculation and printing of output takes place after all the
reference data has been input. The program then asks for another option numer. The user can then
stop the program (option #0), change the basic wind statistics (option #7), or use another option.
The program continues in this fashion until the user inputs an illegal option number and indicates
that a program stop is desired, or until the program is stopped by option #0. This process is shown
in Appendix A.

2.7.3 Output. All output is normally sent to the user's input device (a terminal or CRT). The
format, type, and content of the output will vary depending on the option selected. The types and
formats of output are described in detail in Section 3.3.1.

6



SECTION 3 STAFF ZI'NCIONS RELATE) 'I) 'MX.fN t'AL OPFRA'r1(?NS

3.1 Tnitiation Procedures. The ujer s .i -i irit,- Oie LTAC-DN direct' ,. BBNB )n the ARPA
network. USAFETAC users requiring assistnc.e with RPA accpe .cedures should refer to the
(SAFETAC ARPA user's guide. Typinm "DNDWST" af,- prompt will start the progran. The
program will reply with

"*** ifWAFETAC"f'D WTN1) 'AT'ICS PR OGRAJ M **"

to indicate that the program has begumn execution.

3.2 Staff Input Requirements. The user inputs data interactively to this program via i terminal or
CRT. The program always explicitly asks for ary inpur required at the appropriate timws during its
execution.

3.2.1 Input Contents and Format. 'rhe format of data input to the program depends on the type of
data the program is requesting. After the printout or its title, the program will ask the user if
he wants information on the available output options. A "Y" input produces a list of these options,
after which the program asks for a set of five, basic wind statistics. Typing anything other than a
"Y* allows the program to go directly to this step. Thie basic wind statistics must be typed on one
line in the following order:

a. The mean zcnal component of the wind, must be typed as a real number (with a decimal point).
Leading zeros may be omitted.

b. The standard deviation of the zonal component of the wind, "STDEVX," must be a positive real
number.

c. The mean meridional component of the wind, must be a real number.

d. The standard deviation of the meridional component of the wind, "STDEVY," mist be a positive
real number.

e. The correlation coefficient of the two c(cwponents of the wind, indicated as "(ORR. COEFF."
in the program's request for input, must be a reai number between -1 and 1.

These five values must be typed in separated by ccnas and without intervening blanks. The total
number of digits in any input value should not exceed eight; any excess digits will be truncated
after input to the program is complete.

The program asks for an option number after the basic statistics have been input. This number
should be a single digit from 0 to 9. The program will accept larger numbers and give a warning
message; the use of a decimal number will give erratic results. 'he input contents an] format used
with the individual program options are shown in Table 2.

TABLE 2. INPUTS 10 THE PROGRAM OPTIONS.

Option Number Type of Input

1 a. A decimal probability value between 0 and 1
b. The number of points required (an integer)

2 Two decimal numbers indicating a range of directions

3 Two decimal numbers indicating a range of speeds

4 a. Two decimal numbers indicating a range of directions
b. Two decimal numbers indicating a range of speeds

5 a. A single decimal number indicating a direction
b. Two decimal numbers indicating a range of speeds

6 A decimal number indicating an angle of rotation

7 Five decimal numbers (basic wind statistics). The
second and fourth numbers (standard deviations) must be
positive; the fifth number (correlation coefficient)
must be between -1 and 1.

-""-.... . -- .... .. "__"_"'_"--__ '-- . - .". -.



8 A decimal percentile value between 0 and 100.

9 a. Four sets of alphanumkric characters describing the
period of record, layer or level, location, and wind
speed units associated with the probability table
being printed. The maximum lengths of these four
character strings are 20, 30, 25, and 10 characters,
respectively.

b. A character (Y or N) indicating the users choice
of where the output should go. If the user replies
with "Y", two more inputs are required:

c. A set of up to five alphanumeric characters
indicating the file name to be used for the output
produced by this option, and

d. Another character (Y or N) indicating whether or
not the program should stop after completing this option.

3.2.2 Composition Rules. The programming language used (FORTRAN), together with the input formats,
impose certain limits on the conposition of input. These limits are as follows:

a. Numbers input to the program may not include embedded blanks.

b. The characters which may be typed in reply to a request for numerical data are limited to
the digits 0-9, periods, commas, the plus and minus signs. Typing any other character will abort
the program.

3.2.3 Input Vocabulary. Only one set of codes is used in the wind statistics program. The output

options are designated by numbers from 0 to 9. These opxions are listed in Table 3.

TABLE 3. PROGRAM OPrIGNS

Option Number Description of the Resulting Output

0 Stops the program

1 Prints points defining an elliptical probability
contour. A wind vector with the given basic wind
statistics will have a probability, equal to a
value specified in the user's input, of being
inside this elliptical contour.

2 Prints the probability of a range of wind
directions. The range is always taken to be
going clockwise from the first direction given
to the second one. Directions are always in degrees.

3 Prints the probability of a range of speeds. The
wind speed units used must be identical to those
used for the five basic wind statistics. The
probability of a wind speed outside the input
range will be given if the larger of the two speeds
defining the range is input first.

4 Prints the joint probability of a range of directions
and range of speeds. The conventions used in
determining ranges are identical to those listed for
options 2 and 3.

5 Prints the conditional probability of a range of wind
speeds when the wind direction is known.

6 Rotates the coordinate system used for the basic wind
statistics and prints the new basic statistics.
These new values are then used in all program
calculations until changed again by the use of
options 6 or 7.

8
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7 Allows the user to input d new set of basic wind
statistics. The new statistics are then used in all
subsequent program processing until they are changed
again by options 6 or 7.

8 Prints wind speed percentiles. The wind speed will
have a probability, equal to a value input by the user,
of being smaller than or equal to the wind speed printed
by this option.

9 Prints a table containing the probabilities of various
wind speed and direction intervals. This table is
labeled with the station location, level, period of
record, and wind speed units input by the user. The
wind direction ranges used by this option correspond
with, and are centered on, the standard directions
in a wind rose: N, NNE, NE, ENE, etc. The wind
speeds are broken down into ranges of less than 1
unit (calm), 1-10 units, 10-20, 20-30, 30-40,
40-50, 50-60, 60-75, 75-100, 100-150, 150-200, and
greater than 200 units.

3.2.4 Sample Inputs. A sample user reply to a program request for basic statistics

"INPUT MEAN X,STDEVX,MEAN Y,STDEVY, CORR. COEFF." would be "l.3,3.4,-22.7,6.8,.2312"

where 1.3 - mean zonal wind component
3.4 = standard deviation of the zonal wind component

-22.7 ..the mean meridional wind component
6.8 - standard deviation of the meridional wind component

.2312 - the correlation coefficient of the two wind components

The type and format of other inputs to the program depend on the option being used. Some sample
inputs for each option which asks for input are given below:

a. Sample input for option #1. The user's reply to this option's initial request "INPUT
PIROBBILITY VALUE" is .23 indicating that the 23 percent probability contour is needed. The next
request is "INPUT THE NUMBER OF X-YLCZW-YHI(G SETS DESIRED." Typing "25" asks this option to print
out 25 sets of points.

b. Sample input for option #2. The user's reply to this option's request "INPUT RANGE OF
DIRECTICNSN is "125.3,178.6" which specifies the range of directions from 125.30 to 178.60. Typing
"330.,30." instead would specify the range of directions from NNW through N to NNE.

c. Sample input for option 3. Typing "3.,6." in response to this option's request "INPUT
RANGE OF SPEEDS," tells this option to get the probability of a wind speed between 3 and 6 wind
speed units. Typing in "10.,0." instead, asks this option to generate the probability of a wind
speed greater than 10 wind speed units (corresponding to the range outside 0-10 units.)

d. Sample input for option #4. This option solicits input with the statement "INPUT RANGE OFDIRECTIONS." The user types in "30.,63.5". This option then asks for more input by printing out
"INPUT RANGE OF SPEEDS." The user then types in "0.,33.5". The program will then calculate the
joint probability of a wind direction between 30 and 63.5 degrees (NNE to approx. ENE) and a wind
speed below 33.5 units.

e. Sample input for option #5. This option prints "INPUT DIRECTION." The user then types in
"225.". This option then prints "INPUT RAN( OF SPEEDS." The user then types in "0.,33.5.". The
program will then calculate the probability that the wind speed will be equal to or less than 33.5
units when the wind direction is 225 degrees (SW).

f. Sample input for option #6. This option asks for input with the statement "INPUT ANGLE OF
ROTATION." Typing "15." will indicate to the program that a counterclockwise rotation of 150 is
required.

g. Sample input for option #8. This option states, "INPUT THE REQUIRED PERuErILE." Typing
"88.0" asks the program to compute the 88th wind speed percentile value.
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h. Sample input for option #9. This option requires several lines of input. The lines
enclosed in quotes, below, are entries typed by the user. The other lines are typed by the program.

INPUT THE PERIOD OF RECORD - UP 70 20 CHARACTERS
"JAN 70 - DEC 74"
INPUT THE LEVEL OR LAYER - UP 70 30 CHARACTERS
"4500 FEET - 5000 FEET"
INPUT THE LOCATION - UP 70 25 CHARACTERS
"ANDRMS AFB"
INPUT THE wiN SPEED LITS - UP 70 10 CHARACTERS

DO YOU WANT THE PROBABILITY TABLE WRITTEN OUT TO A FILE? (Y=YES, NNO)
.

PLEASE INPU TM FILEAME - UP TO 5 CHARACTERS
"NNNNN"
WOULD YOU LIKE THE PROGRAM 10 S O AFTEENARD? (Y=YES, N=NO)
"N"
YOR PROBABILITY TABLE WILL BE SENT TO FILE NNNNN.DAT

Option #7 asks for another set of basic statiLi-, while option #0 does not require input.

3.3 Output Requirements. All the output appears on the user's input device (normally a CRT or
terminal). The output varies depending on the option number selected. Option #1 generates a set of
points for plotting a probability contour. Options 2, 3, 4, and 5 generate probabilities of wind
speed and/or wind direction ranges using various conditions. Option 6 prints values of basic wind
statistics using a rotated coordinate system, and Option 8 prints wind speed percentiles. Option #9
generates a table of probabilities of ranges of wind directions and speeds.

3.3.1 out, rmats. The format of output varies according to the option being used. The
iffe-rentformatsare listed below.

a. Option #0 prints
STOP

END OF EXECUTION
CPU TIME: b:bb.bb
ELAPSED TIME: e:ee.ee

where b:bb.bb is the CPU time used during the execution of the program, and e:ee.ee is the actual
time elapsed since the program was started. Both times are in minutes, seconds, and hundredths of
seconds. A program stop due to the use of an illegal option number prints the same type of output.

0. The output produced by option #1 begins with a header, "X YLOW YHIGH" and then continues
with lines formatted in such a way that the appropriate information is positioned below each header
word. The output lines have the format, XXXX.XXXX.YYYY.YYYY ZZZZ.ZZZZ where the values XX....,
YY...., and ZZ.... correspond to xl, yl, and y2 where (xl,yl) and (xl,y2) are the intersection
points of the line x = xl with the ellipse to be plotted. This setup is shown graphically in Figure
3.

y

Y= Y2 -------- A-IIYcoTOURI I
CONTOUR

Y=Y1

x=x 1  x

Figure 3. Plotting Points Output by Option #1.
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One set of points is printed per line, so that the nurmber of lines printed with this format is equal
to the number of point sets specified by the user. The reference information printed at the end of
this option's output consists of:

EXTREME VALUES OF X: xxxx.xxxx xxxx.xxxx
EXTR1W VALUES OF Y: yyyy.yyyy yyyy.yyyy

where xxxx.xxxx and yyyy.yyyy are the largest and smallest values of X and Y on the elliptical

contour.

c. Option #2 prints a single line of output with the format

PROBABILITY OF GIVEN WIND DIRECTION RANGE .pppp

where .pppp is the probability asked for by the user (always between 0 and 1).

d. Optiom #3 prints a single line of output with the format

PROBABILITY OF GIVEN RANGE OF SPEES .pppp

where .pppp is the probability of the range of speeds given.

e. Option #4 prints a single line of output with the format

PROBABILITY OF GIVEN RANGE OF SPEHS AND DIRECINS. .pppp

where .pppp is the joint probability of the range of directions and speeds given by the user.

f. Option #5 prints a single line of output with the format

PROBABILITY OF GIVEN RANGE OF SPEEDS AT GIVEN DIRECT .pppp

where .pppp is the probability of the speed range specified when the wind direction is equal to the
specified value.

g. Option #6 prints a single line of output with the format

NEW STDEVX: xxxx.xx NEW STDFVY: yyyy.yy

where m=.xx and yyyy.yy are the standard deviations of the zonal and meridional coordinates in the
rotated coordinate system. The option prints

NEW MEAN X: mmmm.mm NEW MEAN Y: nnnn.nn NEW CORR: c.cccc

where mmmm.mm and nnnn.nn are the means of the zonal and meridional wind components in the rotated

coordinate system, and c.cccc is the new correlation coefficient.

h. Option #7 does not print any data.

i. Option #8 prints a single line of output with the format

CORRESNDING WIND SPEED: pppp.pp

where pppp.pp is the percentile value of the wind speed asked for by the user.

j. Option #9 prints one page of output, containing a table of probabilities of various ranges
of wind directions and speeds. An example is shown in Appendix A.

3.3.2 Sample Output. Appendix A shows an example of program usage in which an analyst uses every
possible option. Details on this example are given in that section of the manual.

3.4 Utilization of System Outputs. The output produced by this program is typically used to anmmr
customer requests for probabilities of wind direction intervals and/or wind speed ranges or wind
speed percentiles.
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3.5 I covery and £r ror Correct ion Procedures

No explicit rmtart capability is provided. The standard BM detaching capabilities apply: a user
can somtims continue running the program from where it ws interrupted if the interruption Wm due
to a connection failure, local system problem, etc. The user can also explicitly abort the program
using a control "CT if repeated errors occur or if the program is running extremly slowly due to
heavy machine usage, and then start again from the beginning.

A user can "detache the program if he is using option #9 and sending his output to a data file.
This procedure is reommended in cases where machine usage is substantial and this option my
require up to a half hour to complete its output. The user should than reattach to the program at a
later time, preferably about a half hour after detaching from it. Option #9 will then indicate if
its output to the data file is complete. Detaching the program while using any other option causes
the program to m nd execution and wait until the user reattaches to it.

erroneous basic wind statistics can be corrected by using option #7 to input the correct set of
values. The original basic statistics can also be retrieved if a faulty change of coordinates
occurs in option #6. This is done by using that option again with an angle of rotation equal to the
previous value input multiplied by -1. The user can run any other option repeatedly using different
input value, if its initial results were wrong because of erroneous input.

12



Appendix A

SAMPLE M (F TIM WIND STATISTICS PWX{tA

The nmbers in the following description correspond to the sections indicated on the smple run.

1. The user begins by starting the program with DNOT. The program then prints at the user's
request, a list of the available output options. It then asks the user to input a set of basic wind
statistics.

2. The user decides to get 15 points on the 551 probability contour and invokes option 61.
Note that the first and last point set are on the left and right tips of the ellipse; their values
of YU0W and YlhIGi are identical.

3. Option #2 is used to get the probability of a wind direction range from 2700 (W) through N
to 300 (NNE).

4. Option #3 is used to get the probability of a wind speed range from 10 to 30 wind speed
units.

5. The user selects option 14 and gets the joint probability of a wind speed between 10 and 25
units and a wind direction between 100 and 200 degrees.

6. Option #5 gives the user the probability of the wind speed being between 5 and 50 units,
assuming a south wind (1800).

7. It's time for a 20 degree counterclockwise rotation of coordinates. Option #6 does this and

prints new basic statistics.

8. The user invoies option @7 and inputs a new set of basic wind statistics.

9. Option #8 is used to get the 88th wind speed percentile. The wind speed will be below this
value 88 per-, of the time.

10. The user generates a table of probabilities for various ranges of wind directions and
speeft using option #9. th location involved was Andrem AM and the period of record used wa
January 1960 to Decbr 1974. The wind speed units used were miles per hour. Note that the total
probability figure is not exactly 1 (in this case, the result is 1.0001) due to truncation and round
off errors.

11. The user stops the program by using option #0. Total CPU time used was about 3 minutes and
47 seconds and the session lasted about 17 minutes.

* :r A ,. ,, 1. : r o A

, ., . , . P .,,i ',,. A',r a.,

* ,- ' •.. . ,' ' I '. A , , ' .* . ' , I . I' *: l '. ,, ., 'l

A

,rK ',. * A , , t , . , , - • . . . [ , :' r : , ,

,* ., , . , . A . l . I ,) . P , [.,. ...

,g i i 3 * r" !, ..,rIl.,Ak A.(- , tq.-,.'.':~ / e"-r I -rl F ,J. A,'

t8 ,r' ., *. ,, ' . / ,' iA'.P t "

13

4 1
il I ,, , , , ., , , - . .. .. . .'



'iS ~I~i OutL A t~1 0;A:41Ljl LkiL-:- r-f Al ~. J {)Ir~-Ci I . 4h .r

I.iJiI()A C IL IL 011

I.LL Ji A-YL.),-YII'jfl tu VAII di

I 1.1YH I 6!

-1-1.314 -14. 119 4.)I
I 1. I~~4 -32.261.. )l.26

-4. I 3hi le,~4 I I. 4('I

I. '2/I I AJ4 )2 .D2/

4 1. ?!:) (.)o-j4 121 I/) ')

t 2it~~ 4uh~ -:19 Xi 1 ~ ./

4 t).. I Sbt .41.f

I j. 71 LU. 1

Ei~A '1i1$Aj ' ()t- X~LJ hI.3 )-'i9'h

j U- I )- It t ' I 1 0.

P il. . ) .

I Op' 10

I,.s'ui fA46L- Okmi - I)aI1)
1 U ., ()I

r'vk -1- YZ v03 L ~. HA 3:M 'i t(I "')J- l:-.' 1 ) a

i .Lr'I )t-b EC i: I,' Il i t

i qAit- rijdIb) rt'hdi

6P -~ tj A.,D)1-



A i I C I!

,A) A.-I[I'Y sA4LL I ii I Y A II.- ( Y

)q Ar 4000 F-- f ~ ~~ JA!, 101.) 1,)(14

I ' -rI' I J o i - : o tu t) 'k

OU - I . J-(, 0.1 Q . 04 .0) U 1 Ur ') k. /1,)/ )C1 1 14' 11>5) A

k* ) fl ofui' o1114f .. O?4 9 .U, 0 J2i 1 .,)341 0 1 . " )4 . , ,~ .Ks5 I I -V

.3fl .0100 .14 1 V 02 .5 28 2i/ 0:? ~ .0) ? YIn .. 0I Uv

.UJP U)ii I3 ') .0~ 0014.1C. .s4 0 01 Q) 0(JV)) *IlV )Y,)( 4

* o 4 U l i' ) 12:9 00fl r" 0u9 K)r~ *1 4 ')1019 * 0001) .1000o fl~. * 5)

.()
1  .XIo/ 11) .)yY 034/ *0?,) .)015 .0001 .000 K 'if .001 *

* ~ ~ ), ') 1 I *)1 3 .0034,, -.)L; ' .1)U ( . 1() 1 4~ )0') *Ihl001)

JLi* .. P .X' " ) !* .1' *.*) .u - W2 1 1 01) 1 . I n)0 , I

.')0' .'4 .3)62? .)u'4 .(X) 4)).J' .')U19 *900t .100.) .1).'"JO *.'.

S)14 Jo*')) .)1 u )43 . 00 34 .1)02/ )01I3 *01114 "'MOl II, *r t )o(

.1)4) .0)!) A 0 ' U 1044 .001'.1 111 .- ')001 M Q ).(()) (.

*. D .0(),.)" J)")' 01),t6 .012 101 1 )00) .120 I To'r) *( )'%. '' .l,2

UUt;: .j2 *0IJ3 *U, I) u Y flO .00 1) .uul I * )(KQ * p)L2) I. 2)0 V)p~*f.

.392I/ .3(1/3 .9t)9 . 0 .0061 .r) ) 02i o:2 00; Y1)fy )t rI . * 14,

JO~ I)I WW* I.~~ .I 1 .I/1~ .V. .I2* )Ulm (K)) O u 1 ('.l1 .0 9 ot)

** .'W r'- 1A ' .L 1f 6 j I I~ I-~ Ij Pk** 11 k J k

ev I'f i '

)r : ,,UI I'L.
Cr'.J J I.- j0Q2 IA, 2 4 1 IV 42.l

15



Appendix B

W IND A'.! I I (", MOM I FLOW CHART

C 

START

V

ASK USER IF
ASSISTANCE

Is REG INED

ly, PRINT LIST
INELP? OF OUTPUT

OPTIONS

NOT 'Y'

+NOT

EAD IN A SET/_
OF FIVE RASIC

A SEI
T, CS

ISTICS

OPT 10
AS K U SE R Foo

F" 'NRA

SIC

TAT 

ST'

UMI R

ASK USER FOR
TION PRINT OUTPUT

N P NBER

PERFORM

IOPTN? STATISTICAL

CALCULATIONS

UM 

E 

7 

TN

FPTN-0ERROR PTN-9 IOPYN =1111
MESSMIE

STOP I P

IOPYN =9

16



Appundix .

'KUGiAM II .1 ING

C" PROGRAM ID -- IN I)WST
C* PROGIAMMIhER AND ANALYST - 2LT NOVOGRAD, USAFETAC/DND
C* CRP:ATFD ON - 15 KAY 79 FOR PROJECT 1893

C*' VFILSION - 1.0
C**
C* DESCRIPTION - TillS PROGRAM INTEIIACTIVEIY CALCULATES A VARIETY
C* OF WIND REI.ATE) STATISTICS AND PROBABILITIES, USING AN ASSUMED
C* BIVARIATE NORMAL DISTIiIBTION OF THE ZONAL AND MIERIDIONAL
CEx WIND COMPONENTS. ITS DATA BASE CONSIS'S4 OF A SET OF FIVE
CE BASIC STATISTICS WHICH DESCIiBE 'IE WIND AT A GIVEN ALTITUDE.
C* LOCATION AND CLIMATOLOGICAL TIME PERIOD. THESE BASIC STATISTICS
C* ARE THF. AEANS AND STANDARD DEVIATIONS OF THE ZONAL AND MERIDIONAL
C* WINl) COMPONENTS, AND THEIR CORRELATION COEFFICIENT. THE USER
CE SELECTSI TIlE OPTION WHICH GENERATES THE PARTICULAR TYPE OF WIND
C* STA'I'ISTICS DESIRED BY TYPING IN TE APPROPRIATE OPTION NUMBER.
C* THE IF MEISSIBLE OPTION NUMBERS. AND TIlE TYPES OF OUTPUT WHICH THEY
C * GENERATE, ARFE AS FOLLOWS
C:*

C* OPTION NUMBER TYPE OF OUTPIT GENERATED

C**
C* I COORDINATES OF POINTS ON AN ELLIPTICAL
C* PROBABI I ITY CONTOUR
GEE
C* 2PROBABILITY OF A RANGE OF
C* WIND DIRECTIONS

C: 3 PROBABILITY OF A RANGE OF WIND SPEEDS

C* 4 JOINT PROBABILITY OF A RANGE OF WIND
C- SPEEDS AND DIRECTIONS

C*5 CONDITIONAL PROBABILITY OF A RANGE OF
C-* WIND SPEEDS GIVEN A WIND DIRECTION
CEE
CE 6 NEW BASIC STATISTICS USING A ROTATED
C* COORD] I NATE SYSTEM
CG*
CE 7 NO OUTPUT GENERATED - ALLOWS USER TO
C* INPUT NEW BASIC STATISTICS DIRECTLY
CEE
C* PERCENTILE WIND SPEEDS

C* 9 A TABLE OF JOINT PROBABILITIES
C* OF RANGES OF WIND DIRECTIONS AND SPEEDS.

CE0 NO OUTPUT GENERATED - STOPS THE PROGRAM.

C* THE PROGRAM IS DESIGNED TO RUN IN AN INTERACTIVE ENVIRONNENT
f* AND ALWAYS TYPES OUT A REQUEST FOR INPUT WHEN IT NEEDS I'.

C* METHOD - THE EQUATIONS AND THEORY USED TO DEVELOP THIS PROGRAM
C* WERE TA)EN FROM NASA 'TM4 X-73319, "VECTOR WIND AND VrECTOR WIND
C* SHEAR MODELS. . . ". BY O.E. SMITH. ALL THE PAGE
C AND EOIIATION NUMBEPS GIVEN IN THIS PROGRAM'S DOCUMJNTATION
C* REFER TO THIS TECHNICAL MEMORANDUM. THE EQUATIONS USED TO GENERATE
C* SETS OF POINTS ON AN ELLIPTICAL PROBABILITY CONTOUR (OPTION 1)
CE ARE LISTED ON PP. 11-12. THE PROBABILITY OF A RANGE OF WIND
C* DIRECTIONS IS COMPUTED BY NUMERICAL INTEGRATION OF EQUATION
C* (33). THE CONDITIONAL PROBABILITY OF A RANGE OF WIND SPEEDS
C* GIVEN A WIND DIRECTION (OPTION -5) IS CALCULATED USING EQUATION
CE. (36). THE NUMERICAL INTEGRATION OF (36) OVER ALL DIRECTIONS
CE IS USED TO COPUTE THE PROBABILITY OF A RANGE OF SPEEDS (OPTION
C* #3), AND SUCH AN INTEGRATION OVER A SPECIFIED RANGE OF DIRECTIONS
CE GIVES THE JOINT PROBABILITY OF A RANGE OF SPEEDS AND DIRECTIONS
C* (OPTION #4). TILE CALCULATION OF NEW BASIC STATISTICS IN A ROTATED
C* COORDINATE SYSTEMl (OPTION '6) IS ACCOMPLISHED USING EQUATIONS (45)
C* THROUGH (49o. PERCENTILE WINDSPEEDS (OPTION #6) ARE COMPUTED USING
C* THE METHOD OF HALF INTERVALS. THE PROBABILITIES WRITTEN OUT BY
C* OPTION '9 ARE GENERATED USING REPEATED CALLS TO THE SUBROUTINE
1:e USED FOR OPTION '4.
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C* REFEIRENCES I. NOVOGRAD, BI"EJANIl B., 1980 USAFETAC WIND
C* 'TAI'ISTICS MODEl. IISEIS MANUIAL. USAFETAC TN 60-003.
C. *2. SMITH. O.E. . It#7 VECTOR WIND AND VECTOR WIND SHEAR
C MODELS AT 0 TO 27 KM ALTITUDE FOR CAPE KENNEDY, FLORIDA.
0'* AND VANDENBERFG AFB. CALIFoIRNIA.

C* INPLr - A SET OF BASIC WIND STATIS'TICS. PLUS AN OPTION NUMBER AND ANY
C* ADDITIONAL INFORMATION REQUIRED BY TE PARTICULAR OPTION(S) USED. DETAILS
C* ARE GIVEN IN SECTION 3.2 OF THE 'JSEIS MNUAL.

C* OUTPUT - THE STATISTICS CALCULATED BY THE PARTICUIAR OPTION SELECTED BY
C* THE USER. DE'AII.S AR," GIVEN IN SECTION 3.3 OF THE USERS MANUAL.
C**
C* SYSTEM SIIB'114)GANS UJS.I - COS, SIN. SORT
C**

C* USER SUBI'ROGRAMS USED - A, B, C. D. EIIPSE, PDIR. PNORM, PRDIR, PRSRD,
C* ROTATE, ILSPGDR, SLEGDR, SPCNT, TRANS. WROSE.
C*:*

C: ESTIMATED CPU TINE - THE CPU TINE USED IS VARIABLE AND DEPENDS ON
C* WHICH OUTPUT OPTION(S) ARE SPECIFIED BY TIlE USER. DETAILS ARE
C' GIVEN IN SECTION 2.5.5. OF THE USERS MANUAL.

CCC

C * * AI N PROGRAM ***
CCC

DIMENSION ILO'N(5),ILVLYR(6).IPOR(4).IWSU(2)
COMMON /BIKI/ SLqTX. SOSTY, PROSTD
COMMON /BLK2/ XBAR, YBAR
COIIMON /BLK3/ CORR., DENOM
DATA ITERM, IYES/-I.'Y "/

I FORMAT (' *** USAFETAC/DND WIND STATISTICS PROGRAM ***',/
CC

C ** ASK USER IF INFORMATION ABOUT OUTPUT OPTIONS IS NEEDED ::
CCC

6' DO YOU NEED INFORMATION ABOUT VARIOUS OUTPUT OPTIONS? ',/
8' TYPE A ''Y'' IF YES, A ''N'' IF NO')

WRITE ( ITERI, I)
62 FORMAT(A4)

READ ( ITER., 62) IHELP
IF ( IHELP.NE. IYES) GO TO 70

CCC
C *** THIS SECTION HELPS OUT A NEW USER ***
CCC

WRITE (ITERII.4)
WRIT ( ITERM. 44)

4 FORMAT (' *** OUTPUT OPTIONS AVAILABLE ***',/
6' 0 STOPS TIIE PROGRAM',/
6' 1 PRINTS POINTS DEFINING AN ELLIPTICAL PROBABILITY CONTOUR',/
S' 2 PRINTS OUT PROBABILITY OF TIF WIND DIRECTION BEING WITHIN'./
6' A SPECIFIED RANGE'./
S' 3 PRINTS OUT PROBABILITY OF THE WIND SPEED BEING WITIIIN OR',/
S' OUTSIDE OF A SPECIFIED RANGE',,
6' 4 PRINTS OUT PROBABILITY THAT THE WIND SPEED IS WITHIN' ,/
S' OR OUTSIDE OF A SPECIFIED RANGE AND TIIAT THE WIND DIRECTION' ,/
S' IS WITHIN A SPECIFIED RANGE')

44 FORMAT ( ' 5 PRINTS OUT THE (CONDITIONAL) PROBABILITY OF' ,/
6' THE WIND SPEED BEING WITHIN OR OUTSIDE OF A SPECIFIED',/
6' RANGE WHEN THE WIND DIRECTION IS KNOWN',/
6' 6 ROTATES THE COORDINATE AXES THROUGH A SPECIFIED ANGLE AND ',/
6' POINTS OUT THE RESULTING VALUES FOR THE 5 BASIC PARAMETERS',/
S' 7 INPUTS NEW BASIC PARAMETERS',/
S' 8 PRINTS OUT A PERCENTILE BOUNDARY VALUE FOR THE WINDSPEED',/
6' 9 PRINTS OUT A PROBABILITY TABLE FOR THE WIND DIRECTION AND',
S' SPEED')

CCC
C *** INPUT THE FIVE BASIC PARAMETERS ***
CCC

70 WRITE (ITERM,77)
77 FORMAT (' INPUT MEAN X,STDEVX,MEAM YSTDE Y,*CORR. COEFF.-'

READ (ITERP.8) XBAR, STDEVX. YBAR. STDEVYCORR
88 FORMAT (5F)

IF (STDEVX.GT.0.AND.STDEVY.GT.0.) GO TO 301
WRITE ( ITERM,300)

300 FORMAT (' STDEVX AND STDEVY MUST BE GREATER THAN ZERO'./
S' PLEASE TYPE IN THE BASIC PARAMETERS AGAIN')

GO TO 70
301 IF (CORR. GT.-I.AND.CORR. LT. I. GO TO 303

WRITE (ITERN,302)
302 FORMAT (' THE CORRELATION COEFFICIENT MUST BE BETWEEN -I AND I.',/

6' PLEASE TYPE IN THE BASIC PARAM.TERS AGAIN.')
GO TO 70
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CCC
C -r CmA.c"i.,ATE RECUlUkINC TERMS SAVED IN COMMON STORAGE **
CCC

303 '-'OSTY SIEVY * S'IDEVY
QT$ l STI)EVX w STDEVX

DENOM I -- (CORR*COR.)
PROSTD S"D'!)EVX * sTDEVY

CCC
C *** AsK 1SEl;i. WhAT OPT1ION BE WANTS4 **
cc(:

5 wITr ( iT krl: i,t#5)
95 FOH? ,r\' ' INPuT DESIRED OPTION')

READ ( ITEru..t7) IOPTN
97 FORMAT ( 115)CCC

C * * WARN THE USER IF A NONEXISTENT OPTION IS USED *2K
CCC

IF (IOPTN.I.T.0.OR.IOPTN.GT.9) GO TO 990
Ccc
C *** CO TO TIlE SECTION COVERNING THE APPROPRIATE OPTION *:*
CCC

IF (IOPTN.EO.0) GO TO 999
GO TO ( 10,20,30,40,50,60,70,80,90), IOPTN

CCC
C *** THIS SECTIONS CONTROLS OPTION #I **
CCC

10 WRITE (ITERM, I10)
110 FORMAT (' INPUT PROBABILITY VALUE')

READ ( ITERN, 12) PROD
112 FORMAT 4 IF)

IF (PROB.LE.O..OR.PROB.GE.I.) GO TO 990
113 FORMAT (I INPUT NUMBER OF X-YLOW-YBIGH SETS DESIRED')

WRITE ( ITERM, 1 13)
REA) ( ITER, 97) NPTS
WRITE ( ITERIM. 11)

Ill FORMAT (5X, 'X',X,'YLOW',6X, 'YHIGH'./3(1 X,9('-')))
CCC
C *** USE "ELIPSE" TO CALCULATE AND WRITE OUT REQUIRED POINT SET***
CCC

CALL ELIPSE (PROB,X,Y,SNA.L.XLARGEYSNALL,YLA.GENP'IS)
CCC
C *** PRINT OUT EXTREME VALUES OF X AND Y **
CCC

WRITE ( ITERM, 114) XSMALLXLARCE
WRITE (ITERM. 116) YSMALL.YLARGE

114 FORMAT (IX,' EXTREME VALUES OF X ',2(IX,F9.4))
116 FORMAT (IX.' EXTREME VALUES OF Y ',2(IX. F9.4))

GO TO 5
CCC
C *** THIS SECTION CONTROLS OPTION ,2 ***
CCC

20 WRITE (ITERN, 120)
120 FORMAT (' INPUT RANGE OF DIRECTIONS')

READ (ITERM. 122) DIRI,DIR2
IF (DIRI.NE.DIR2) GO TO 21
WRITE (ITERM. 121)

121 FORMAT t' THE TWO INPUT DIRECTIONS CAN''T BE THE SANE.')
GO TO 20

21 DIRI = TRANS(DIRI)
DIR2 = TRANS(DIR2)

122 FORMAT (2F)
P = PRDIR0)IRI,DIR2)
IF (P.LT. I.E-04) P = 0.
WRITE (ITER, 124) P

124 FORMAT (' PROBABILITY OF GIVEN WIND DIRECTION RANGE',F6.4)
GO TO 5

CCC
C *** THIS SECTION CONTROLS OPTION '3 *
CCC

30 WRITE (ITERM, 130)
130 FORMAT (' INPUT RANGE OF SPEEDS )

READ ( ITERN. 132) SPDI.SPD2
132 FORMAT (2F)

IF (SPDI.CE.0.AND.SPD2.GE.0.) GO TO 32
WRITE ( ITEIU, 131)

131 FORMAT (' ONE OR MORE OF THE INPUT SPEEDS ARE NEGATIVE*,/
S' PLEASE INPUT ITIE SPEEDS AGAIN.')
GO TO 30

32 CALL PRSRD(0..560.,SPDISPD2,PROB)
IF (PROB.LT.I.E-04) PROB = 0.
WRITE (ITER, 134) PROB

134 FORMAT (' PROBABILITY OF GIVEN RANGE OF SPEEDSI',F6.4)
GO TO 5
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CCC

C T** THIS SECTION CONTROLS OPTION *4 ***
CCC

40 WRITE I'EITEI, 120)
READ t ITERM. 122) IIIR,DIRP
IF (DIB.I.NE.!)iI2) CO TO 41
WRITE ITERN. 121)
GO TO 441

41 DIRI TRANStDI1I)
DLR2 T"IArS(DIRD2)
WRITE ( ITER, i"o I
READ ITE~I'I, 132 SPDI,SPD2
IF (SPDI.GE.0.AND.SPD2.GE.0.) GO TO 42
WRITE ( ITERm, 131)
GO TO 40

42 IF (DIIR2.GE.DIR) GO TO 49
CALL PHSRD (DIBI,360.,SPDI,SPD2.PROBI)
CALL PRSRD 1 0. , 1) 1112, SPD I , SPD2, PROB2)
PROB 

= 
PROB I +- PRO1B2

GO TO 5 1
49 CALL PIISI) (DIRI.DIR2.SP)I,SPD2,PROB)
51 IF (PROB.LT. I E-04) PROB = 0.

WRITE ( ITERM. 142) PROB
142 FORMAT Rl'OBABILITY OF GIVEN RANGE OF SPEEDS AND DIRECTNS' ,F7.4)

GO TO 3
CCC
C *** TillS SECTION CONTROLS OPTION #5 **CCC

50 WRITE (ITERI', 150)
150 FORMAT k' INPUT DIRECTION ')

HEAD (I TER,.I I ) DIR
DIR TRANS(DIR)
WRITE ( ITEP, 130)
READ (ITERM,132) SPDI,SPD2
IF (SPDI.GE.0.ANI).8PD2.GE.0.) GO TO 52
WRITE ( ITER., 131)
GO TO 50

52 CALL RSPGDR(DIR,SPDI,SPD2,PROB)
WRITE (I TER., 152) PROB

152 FORMAT (' PROBABILITY OF GIVEN SPEED RANGE AT CIVEN DIRECT. ',F6.4)
GO TO 5

CCC
C 1** THIS SECTION CONTROLS OPTION #6 ***
CCC

60 WRITE ( ITERM. 160)
160 FORAT (' INPUT ANGLE OF ROTATION')

READ (ITERM,112) ALPHA
CALL ROTATE( ALPHA, STDEVX, STDEVY)
WRITE (ITERM, 162) STDEVX.STDEVY

162 FORMAT (' NEW S'IDEVX ',F7.2.' NEW STDEVY ',F?.2)
WRITE (ITERM, 163) XI3AR,YBAA.,CORR

163 FORMAT ( NEW MEAN X '.F7.2,' NEW MEAN Y '.F7.2.' NEW CORR ',F6.4)
GO TV) 5

CCC
C *** THIS SECTION CONTROLS OPTION o8 **
CCC

80 WRITE (ITERN,81)
81 FORMAT (' INPUT THE REQlUIRED PERCENTILE')
84 READ (ITERM,112) PCKT

IF (PCNT.GT.0.AND.PCNT.LT. I0.) GO TO 86
WRITE (ITERM, 89)

89 FORMAT (' PERCENTILES MUST BE BETWEEN 0 AND 100.'/
S' PLEASE INPUT THE NIMBEIR AGAIN.')

GO TO 84
86 PCNT = PCNT / 100.

CALL SPCNT tPCNT, PSPD)
WRITE (ITERM,82) PSPD

82 FORMAT (' CORRESPONDING WIND SPEED ',F8.4)
GO TO 5

CCC
C *** THIS SECTION CONTROLS OPTION o9 **

20
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90t Wit [1 F (I 31KM, 1,40)
19 0 F&*'(M XT !NP11T THEP I'ER IOD OF IIFCOIRD - UP TV 20 CHARACTERlS'

It}:AL) , ;1 ail 1 11 1 POR,
19 I OKMPAV +A:5,
92 wRITE' i i-iltpI, 192)

192 FORMAI I NIITT THlE LEVEL OR LAYER - UP TO 30 CHARACTERS')
KEAD ) I "'FILM, 193) ILVLYR

193 F011.?Alt oA.N)
94 WitITV. IITNN. 1941

194 VOII IVV I f''im'UT TiE iL)cATION - UPl TO 25 CHARACTERS'
KE40 I RNP~l. I01~5) I I'CN

19'5 VlIIPAT
96 WR IITE rITKII, 3906

196 io~mrM (* rwr IUT'IE WIND SPEED UlitTS - UP TO 10 CHARACTERS')
ft 'Al) ( I TERN. 1 97) 1 WSIJ

197 F~ORAI' 2
':AL1. lRolW1. I POR, I LOCN. I1LVLYR, I *SU)
C;O *5

CCC
C ** PROGRAiM ABORT FORl A NONEXISTENT OPTION *
CCC

990 WRITE ITERM.900)
900 FORMAT I ILLEGAL '1PTI ON NU14BER G IVEN - PROGRAM STOPPED.)
949 STO'P

ENDU

CCC
C ** FUNCTION A -- COMPUTES TERM "A" P.23 **
CCC

FUNCTION MltSINDII,COSDIR,CORR.DE OM.N)
COMMON /BL.K, SISTrX, SQSTY, PROSTD
A =((COSDIR*COSDIR/SQSTY) - (2*CORR*(COSDIR*SINDIR/PROSTD)

8+ (SINDtl*iIND)IR'SOSX))/DEN'OM
IF N.EQ.2) RETIURN
A =SQR'( A)
RET URN
END

CCC
C * FUNCTION B - COMPUTES TERM4 "B" P.23**
CCC

FUNCTION P.(S I NIIRCOSDIR, CORR, DENON)
COMM1ON /IILK I/ SQSTX, SQSTY, PROSTIl)
COMMON /13L1C/ XBAR, YBAR
B ((YBAE*C0SDII3ZSQSTY) - (CORR* (YBAR*S IND IR+XBAR*COSD IR)

8 /PROSTD) + (XBAR*S IND IH/SQSTX) )/DEVOK
RETUJRN

CCC
C * FUNCTION C - COMPUTES TERM "C" P.23 **
CCC

FUNCTION C( CORR, DENOM. N)
COMMION ./BLKI / SOSTX, SQSTIY, PROSTD)
COMMO)N /BLK2' XBAR, YBAR
C = (YBAWVYbAR/SO$ATY) - (2*CORR*XBAR*YBAB/PROSTD)

S+ (XI3AH9BAR/SQSTh') )/'DEMON
IF (N.EQ.2) RETIJRN
C = SQRT(C)
RETURV
END

CCC
C ** FUNCTION 1) - COMPTES TERM "D" P.23 *
CCC

FUNCTION D( DENOM)
COMMON sBLl.K/ SSX OT.OT
DATA TWOII/6 .2831852/
0 = 1,' ( WOIll' I IOSTD)*SQJIT( DENOM))
RETUR~N
END

CCC
C ** SUBROUTINE ELIPSE - CALCULATES AND PRINTS POINTS ON AIM **
C *~* ELLIPTICAL PROBIABILITY' CONTOUR
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CCC
~4Ut~ii0(:T 1r MOB. X.'t'P10, Y, X9flALI.)M XlAGK. TAL. YLABE , P)

C0MM4U4 fliKC TAX. S0STY, PROQ-TIi
COM'0Nov c c XJ, YDIAR

RELU I qM)-*. ietF, LYHCOOT
Q r- 4,44 1. - PROM1
LMlBC SQ4J(Tl -2. .*L)FNON4*Q)
LMBUF SJRT( -2. AQ)

D) C 14 4 H# I1AI0+& 2.*A*XIAR) 1
E' I Pyfl &XBA 11) +( 2.- %xC* BAR) I

F Ar )JIUY~LAR)~(C*Y8A-R*YBAR) +(B*XBAII*YBAR)

YFACT I I JI1J SE0tT( ISTX)

YS l LL YB %11CI YFACT
YLARGE YkI~AH + YF'ACT1
XD i FF XC AR'F -XSMALL

NC''CS =P"~
DO 20N
)CUMPI &XLL '-L XIFF*(N-I) /NPTSR
QUADA C
QUADB ( B*LFEMP) + F,
OCIADC 14,EP~xYTEfP) + ID*NTEMP) + F
01100 C' (O1JADBi-4UAIDB) -(4. *QUADA*QUADC)
I F ( QRIOO. LT, 0) QIIOOr

*F ACT SQRT( Q.OOT
LYROOT I .- I. *QUAI)B, - QRT( WIOOT) ) /2. *QUADA)
UYIIOOT (1- I.*OIJADII) + SORT(QROOT) )/(2.*OUADA)

222 FOTIAT (31 IX,F9.4))
WRITE (IT, 222)9 XTEMP, LYROOT. UYROOT

20 CONTiNUE
RE1IJRN
END

CCC
C **FUNCTION PDIR - CIVES PROBABILITY DENISITY FOR WIND Db1BEtCTION *
CCC

FUNCTION IPDIR(TIETA)
COPPION /HLKIC/ SQSTX. SQSTY, PROSTD
COM~T4ON /!ILK2, XBAII. YBAR
COPINON /IILKi,' C.OIJI. I)EN'OM
DATA SO1iC21/2. 506fb28/
SINI'IR = ISIMTHETA)
COSDIR = COSUITETA)

AOA(S (IND] RI. COSIR. CORR, DENfOY. 2)
Al l SOJ11* A 'O"
BI - D(S INP 1 f. COSII, CORR, DNOM)
BOIVA - III / Al

BOVAO =BOVA *: BOVA
PDII( = (D(D11;NO/AqQ' * ENFP-.5*C(COUI,DEXON,2))*

S( I + (S(i2F-2*BfVA:*EXP( . 5*8OVAJSQ) *PIIORJ'( BOVA))
RETURN
END

Cec
C **FUNCTION PRD~IR - COMPIUTES PROBABILITY OF WIND DIRECTION RANCGE
CCC

FUNCTION PIDIR( DIRII R2)
DATA CONV/I .74i1329E-02/,PRDIR.PRDIRO/2*0./, ITERIV-I/
NSLICE 20

5l PRDIR =0.
IF (DIM? - DIRI) 10,30,30

C0 SLSCZE =(360--DCIICl)'NSLIC.E
DO 12 CC = INSLICE
Z0D1A DIRI + ICvc§LS'IZE) - (SISJZE/2.)

12 PRDIR =PRIII + (I'DIR(ZDIR*CONV))*SLSIZE.*CONV
SL'IIZE DJR2/NSLJCE
DO 14 IC = ,NSLIC.
ZDIR ( ':S.CF- (SLSIZE,'2.)

14 PROMIz IDIII + (111)1 (LD R*COV)) *SLSIZE*COMV
16 1 F I III -- PRIOIHO. LIT. 1. F-05) RETURN

NSLICE KSLAfCE * 2
PHDIRO PIiD)Ifl
GO TO 5
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30 SLiIK ()l2-DIRI)/fq8LIcE
1)0 32 WI= 1. N',LICE
/.I)I i 11 if I c*SLS IZE) - (SLS IZE/2.)

32 PUDIR = P10)111 + (IPDIII(ZD)IR*CONV) )*SI.SIZE*CONV

Cce
4:* SUHiOIJTINE ISIU) - COMPUTES TME PROBABILITY OF A RANGE OF ~
C **SPEEDS ANI) A ItANGE OF DI.IECTIONS *
cci:

SlIBRol' ' VHIS111)( ) I R 1. DI R2, SPI 1.PD2 * PROB)
DATA CONV, 1. 7453:29E-02/

5 PROB 09.
IF 111112. 0l. I)i GO TO 20

100 101 IN I .SLIUE
ZDIll -- DIRt + uIN*SLSIZE) - (SLSJZE/2.)
CMll. Iis41'(;DHI ZDIR.SP'D ,IP112.PRBINT'
PD2 DIIII + IN*81,SIZF

DD l 111 - (IN-I)*SLSIZE
10 P11DB t'iiDRi + PRBINT * PRDIR(DDI,DD2)

I f (PRB-PR'HIO.1. I.E-041 RETURN
.JSIA CE .151.ICKC * 2
PROWO PRlOkI
GO( Ti1) 5

20 CALL flSl'G;)D [ll. .SPDI ,SPD2, PRBINT)
PROR PRBINT * I'lU)IR(DIRI,DIRI)
REl-TURN
END

CCC
C ~*SUMROUTINE RIOTATE - ROTATES COORDINATES ThROUGH A GIVEN ANGLE *
CCC

SUIBROUTI NE IIOTATE( ALPRA. STDEVX.,STDEVY)
COMMON BLK I/ SQSTh,SOSTY. PROS'n)
COMMON /BL)M/ XBAR. YBAII
COMMON /BLK3fl/ COJIR, DENOM
DATA CONV' I . 745321.E-02/
CVANG ALPHA *i CONV
CO'sA (OS( CVANG)
SINA ',IN(CVANG)
COSSQA CO'SA *COSA
S I NS-(i S-lNA -~SINA

01 D)XBIA XHAR
01 TJSQX SQqTX
OLDSOY '.S'I'Y
SCQSTX =(SSTXrCOSSQA) + (SQSTY*S INSQA) + (2*CORR*PROSTD)*COSA*S INWA)
SOSTY =(4ZSIYsCOSSOA) + OLDSQX*S INSQA) -(2*CORR*PROS77h*COSA*S INA)
XBAR (XBARU"COSA) + (YBAR*SINA)
'(BAR = (YBAR*COSA) - (OLDXBR*'SI NA)
CqOVX'Y =COIR* PROSTD)
COVXY =COVXY *(COSSQA - S I SQA) + (COSA*S INA*( OLDSQY-OLDSQX))
STD)EVX =SQIIT(SISTX)
STIhFVY =SQRT( SQSTIY)
PROSTD) - QTI)EVX * STDEVY
CORR COVXY / PROSTD
RETURN
EN)

CCC
C **SUBRIOUTINE lRSPGDR - COMPUTES PROBABILITY OF A RANGE OF *
C **sEED.S GIVEN A WIND DIRECTION *
CCC

SUBROUTINE RSPGDR(DIR.SPDI ,SPD2,PROB)
IF (SPDI.E(Q.0.) GO TO 10
IF (SPD2.EQ.0.) GO) TO 20

CALL SLEGDR(T)IR.SPDI ,PROBI)
CALL SLE(;DR( 1)1, SPD2, PR0B2)
PROB =PROB2 - P50131
IF (SPD2.IT'.SPI) PRlOB =PROB +I
RETURN

10 CA'LL SI.EGDR(D1)5 *SPPI2, PROB)
310 RETURN
29 CALLL SL.EGI)R(DIIR, SPDJlPROB)

PROB = . - PROB
ttET1ItRN
END
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tcc
C **SUBROUTINE SLEGDR -COMPUTES THE PROBABILITY OF THE *
C **SPEED BEING LESS THAN OR EQUAL TO A GIVEN SPEED WHEN *
C **THE WIND DIRECTION 1S KNOWN *
CCC

SUBROUTINE SLEGDR (DIR,SPD.PROB)
COMMN /BLKI/ SQSTX. SOSTY, PROSTI)
COMMON /B_1(L- XBAR, YEAR
COMMON /BLK3' CORR, DENOMl
DATA CONV, I .745329E-e2/.SQRT2P/2.506628/
THETA DIII * CONV
COSTUT =COS( THETA)
SINTHT =SIN(THETA)
ASQ =A(S INTHT, COSTHT, CORR, DEMN.M,2)
Atl SQRT(ASQ)
Bl = Bt SIM11T, COSTHT, COBRR.DEOK
BOVA =Hi / Al
RtS =(AI*SPD) - BIOVA
ZX .5*R,9*RS
IF (ZX.CT.80.) ZX= 80.
ZZ = - .5*BI*B1/ASQ
IF (ZZ.LT.-80.) ZZ -80.
PROB =I - ((EXP(-ZX) + (SQR12P*BOVA*(I. -PNOR(RSM))

0 /( EXP( ZZ) + (SQRT2P*BOVA*PNOtI( BOVA))))
20 RETURN

END

CCC
C *FUNCTION PNORI - GIVES THE NORMAL PROBABILITY DENSITY FUNCTION*
CCC

FUNCTION PNOBII(X)
DATA CO/I. 1892071/. CI/. 23410017/.C2/. 1369B952/,C3/4. 0908724E-4/,

SC4/2. 322 1647E-2/
IF (X.LT.0.) GO TO I
A =(((C4*X+C3) *X t-C2) * X + C0) X + CO
IF (A.GT.I.E20) A = I.E20
I'NORM = .- I./(A*A*A*A)
RETURN

1 A = (((C4*X-C3) *X +C2) *X - CI) *X + CO
IF (A.GT.I.E20) A =I.E20

PNORM I ./( A*A*A*A)
RETURN
END

CCC
C **FUNCTION TRANS - MODIFIES INPUT VIND DIRECTION SO THAT *
C **THE WIND VELOCITY VECTORS ALL START AT THE ORIGIN *
CCC

FUNCTION TRANS(DIR)
IF (PIR.EQ.360.) DIR =359.9999
IF (DIR.EQ. 180.) DIR =179.9999
IF (DIR.GE. 180.) GO TO0 13
TRANS = DIR + 180.
RETURN

15 TRANS = DIR - 180.
RETURN
END

C **SUBROUTINE SPCNT - COMPUTES PERCENTILE VALUES OF WINDSPEED *
CCC

SUBROUTINE SPCNT( PCNT, PSPD)
COMMON /BLK2/ XBAR.YBAR
REAL LOWLIM
DATA LOWLI/O./
ULIM = SQRT( IGAR*XBAR + YBAB*YBAR)/(1. -PCNT)
IF (PCNT.GT..85) ULIN = ULIM / (-1.*ALOrG(I.-PCNF))
LOWLIN = 0.

5 IILIM = (ULIN + LOWIM)/2.
CALL PBSRD( 0. 360..0. ,HLIM,PC1!TH)
IF (ABS(PCNTH-PCNT).LT.1.E-04) GO TO 30
IF (PCNTH - PCNT) 10,30,20

10 LOWLIM = H~LM
GO TO 5

20 ULIM H~LM
GO TO 5

30 PSPD =HUNK
RETURN
END
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C **SUBROUTiINE WROSE -CIVES A TABLL OF PRIOBABILITIES *
C ** OF VARIOU)S RANGES OF WIND D)IRECTION4S AllD SPEEDS *

IIPHOUTl'NE WHIOSE( 1POR, ILOCN, ILVLYR. IW'SU)
PIKENIV4ON ILOCt(5),ILVLYI6).IPOIU4).Ri)IR(16).RSPI)(1I).PROB(12).

SIWSU(2) .NNEDIR( 18) .SPDT'OT( 12)
DATA ITEMO. IY.IFOIU /-, 'Y -,"060000000000/
DATA IW)III'I.25,3.3.75,56.25,78.75,10I.2-5.123.75,146.25.168.75,

$191 .25,213.75,236.25,25B.75,281.25,303.75,326.25.348.75/
DATA ItSPD/l. .0..20..30. 40.,50-60-75_,100- 150-,200./
DATA NMEDIR/,' q ' SS' W''~'' W

V NW'.' NNW*.' N I.' NN4E',' NE'.' ENE*,' E I.' ESE'.
V' SE*,' SSE'.* CALM*,' TOTL'/

WRITE (Trt'ix 20)
20 FOAT1 (' 9O YOU WAN~T THE PROBA13ILITY TABLE WRITITEN OUJT TO'.

0' A FILE? (YrYES,N=NO)')
READ kITERM.23) Ill

25 FORMAT (A5)
IF ( I R. NE. I Y GO TO 30
WhIT ( ITERN, 35)

35 FORMAT (I PLEASE INPUT A FILENAME - UP TO 5 CHARACTERS')
READ (ITERM,25) IFILE
WRITE (ITERM.26)

26 FO RMAT (' WOULD YOU LIKE THE PROGRAM TO STOP AFTEIRWADS?')
READ (ITrERM. 25) IR
IF (IR.EQ.IY) ISTOP =I
WRITE (ITERM.27) IFILE

27 FORMAT (* YOUR PROBABILITY TABLE WILL BE SENT OUT TO'.
*' FILE '.A5.' .DAT')
OPEN (UNIT=20,FILE= IFILE)
ITERM = 20

39 WRITE (1TERM.50) IFORM.ILOCN,ILVLYRIPOR.IWSU
50 FORMAT (Al./4X.5A5,IX,6A3.4A5//.2X.'WIND SPEFJJ - '.2A5/,2X.

S'DIII-------'/.2X,'---'/.9X.'1-10 10-20 29-30 30-40 40-30 50-60
* 60-75 75-100 199-150 150-200 >200 TOTAL')

DIRTOT = e.
9)0 109 1S = 1.10
qPDLOW RSPD( IS)
SPDH I =RSPDIXIS+ 1)
CALL PBSI1D(348.75.369. .SPDLOW.SPDHI ,PROBI)
CALL PRSRIO. .11.25,SPDLOW,SPDHI.PROB2)
PROB( 1S) = PROD I + PROB2
D IRTOT = 1)I1BTOT + PROB(I IS)

100 SPDTOT( IS) =PROB( IS)
CALL PRSRD(348.75,360. .200. .9.,PROBI)
CALL PRtSRD(0.. .11.25,299. .9.,PROB2)
PROBt 11) = PkIOBI +PROB2
PROB( 12) =PROB(II) + DIRTOT
SPDT OT( 12) = PROB( 12)
Dol 125 1 =1. 12

125 IF (PROHR(l).LT.1.E-04) PROB(I) =0.
WRITE (ITERM,700) NMEDIR(I).PROB

790 FORMAT (lXA5.2X,6(F5.4.IX),3(FS.4,2X),2(F5.4,IX),F6.4/)
DO 209 ID = 115
DIRTOT = 0.
DO 159 IS = 1.19
SPDLOW = RSPD( IS)
SPDHI =RSPD( IS+l)
DIRLOW =RDII( ID)
DIRHI =IU)IR( 11+1)
CALL PBSRP)(I)IRiLOW,DIRHI,SPDLOW.SPDHI,PROB( IS))
DIRTOT =DIRTOT +PROB( IS)

150 SPDTOT( IS) = SPDTOT( IS) + PROB(1S)
CALL PFRRD(DIRLOWDIRHI,200..0..PRtOB( I[))
PROB( 12) =PROB(lI) + DIRTOT
SI'DTOT( 12) = SPDTOT( 12) + PROB( 12)
DO 175 1 =1. 12

175 IF (PROB(i).LT.I.E-04) PROB(I) a0.
299 WRITE (ITERM.700) IP4IEDIR(ID+I).PROB

CALL PBSRDt0..3b0.,.,I..PCALM)
IF (PCALM.LT. 1.E-041 PCALM =0.
WRITE (ITERM,710) NIEDIR(17).PCALM

719 FORMAT (IX.A5,2X.F5.4/)
SPDTOT( I) SPDT1OT( 1) + PCALN
SPDTOT( 12) SPDTOT( 12) + PCALII
WRITE( ITERHM.700) NMEDIR( 18) ,SPDTOT
IF (ITERM.NE.-1) CLOSE(UNIT m 20)
ITERN = -1
IF (ISTOP.E41.l) STOP
WRITE (ITERM.250)

250 FORMAT ('I* YOUR PROBABILITY TrABLE IS READY *'
RETURN
END

25




